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ABSTRACT

APL spacecraft require equipment (a) to initiate despin and

unfolding of the solar blades, (b) to separate the spacecraft from the

launch vehicle injection stage, and (c) to yaw the injection rocket after

separation to prevent collision with the spacecraft. This report de-

scribes a unique simplified separation system which accomplishes the

same objectives but has the following advantages over the method pres-

ently used: (a) the functional components are 60% lighter, (b) it has

no batteries or wiring, (c) it requires no ordnance of any kind, (d) it

is immune to RF static, or other electrical background disturbances,

(e) its environmental temperature limitations are far in excess of

similar limitations on the spacecraft and the launch vehicle, (f) it has

indefinite shelf life without servicing, (g) its operation is completely

independent of the launch vehicle configuration, (W) it can be operated

at any place and any number of times without hazard to itself or adjacent

personnel or equipment.
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I. INTRODUCTION

The frontispiece depicts one step in the separation sequence of a

typical spacecraft designed by the Applied Physics Laboratory. This

general configuration has been launched fourteen times in connection

with three separate spacecraft Programs. The configuration is typi-

fied by the octagonal body of about 2 cu. ft. and the four long solar

blades, which are literally folded around the injection stage of the

launch vehicle during launching. The solar blades are held securely

to blade standoffs on the rocket case by tightly wound despin weight

cables. The configuration is such that by merely releasing the despin

weights, the attached cables cause the spinning stage to despin and

allow the spring loaded solar blades to deploy. This is the familiar

yo-yo dcspin system used in numerous spacecrafts orbited by the

United States. There are two more functions that have to be accom-

-. plished with this configuration in order to complete the post-injection-

-. - into-orbit sequence. The spacecraft must be separated from the

launch vehicle, and finally, the thrust axis of the launch vehicle must

be diverted so that the inevitable outgassing from the spent injection

.;rocket, which persists for about 1600 seconds, will not cause the

-. rocket to bump the spacecraft after separation. This last maneuver

is usually accomplished (in nonspinning spacecrafts) by means of a

low-impulse control rocket whose thrust axis is aligned perpendicular

to the main thrust axis of the injection rocket and forward of its cen-

"- * ter of gravity.

.•-1-
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The Applied Physics Laboratory bas long been a proponent of .i

independent separation. systems for its spacecraft. In all of the cases

cited, the total weight of the spacecraft separa tion system, including

the spacecraft-to-launch vehicle structural adapter, has been consis-

tently less than half the weight of the standard universal separation

hardware otherwise provided by the launch vehicle contractor. This

is largely because the structural equipment can be designed for a

specific configuration instead of a variety of configurations and weights.

Also, increased inherent reliability is claimed for the Applied Physics

Laboratory system, since there is no functional electrical inter: _.ce

with either the launch vehicle or the spacecraft and since redundancy

is provided in all subsystems.

The flight performance of the current APL separation system

is not contested. There is no evidence to indicate that a malfunction

of the current system has even occurred in flight. It is because of

this excellent flight record that many persons have asked: Why do we

need a new separation system? Initially, the reason was to eliminate

as many of the ground handling prmblems as possible without sacrificing

reliability. These problems bave been mainly centered on the prevara-

tion of the separation system for fMight and maintaining flight readiness

at t-he launch sit-e. On some occasions separation batteries have had

to be replaced in the_ field after being verified for flight. And, simi-

larly, there have been times when tlhe sublimation timers have re-

quired repair and replacemen! at rather awkw-,ard times. For example,

it is an extremely difficult and hazardous job to replace the sublima-

tion sw itches after the spacecraft adapter has been installed cn the

launch vehicle for spin balancing the injection stage. This is because

of the vi•iually inaccessible position of the sublimation switches, as

is explained belmr.

4'!
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It was reasoned that, if the sublimation timers could be replaced

by an equally reliable passive timer one that would not impose severe

around handling and environmental restrictions and one that could *)e

tested at will without destruction, the field operations with the separa-

tion system would be improved. It was further reasoned that additional

simplification and improved inherent reliability could be achieved if

the new passive timer could also be configured to provide initiation of

the various separation functions without the requirement for batteries.

Actually this requirement did not appear to be too -d'ifficult to satisfy by

the use of percussion-initiated ordnance squibs, such as those in wide

use throughout the world in aircraft crew ejection systems. The passive

timer would be used to actuate simple gun type triggers for tue pyro-

technic bolt cutters, the cable cutter, and the control rockeL However,

in the configuration analysis which followed, it. became apparent tha it

would actually be practical to design a passive separation system that.

in addition to the abo,_e virtues, would not use any pyrotechnic devices

at all.

This concept evolved into the simplified passive separation sys-

tem described in this report.

fI-

-3 -

t --



The Jo1W1 HoWk.M LMWftW*;t
"[~~APLIES PUTSICS LAS41LATORY

Sal Sprkv. Myab

IH. THE PRESENT APPLIED PHYSICS L13ORATORY SPACECRAFT
SEPARATION SY%,-3TEM

A brief description of the present separation system will be of

interest before going into the details of the new simplified system. The

present system is based upon the use of a sublimation timer to close

the circuits of the various pyrotechnic devices in the proper sequence.

The components in this system are shown in Figs. 1, 2, 3, and 4; the

overall schematic diagram is shown in Fig. 5.

The sublimation timers are attached to special aluminum pads

that have been previously bonded to the injection rocket head cap long

before the spacecraft arrives at the launch site. The configuration

and locations of these pads on the rocket are determined from prior

static firing tests cf similar rockets to establish the temperature-

versus-time characteristics of the rocket head cap outer surface. In

flight, the heat from the injection rocket is transferred to the base of

the sublimati.3i timer, and causes greatly accelerated sublimation of

a solid material in the timer (usually biphenyl) to the ambient v-acuum.

This action alow- the spring-loaded electrical contact wiper in the

timer to make ana break the various separation sequence circuits as

follows:

First, the sublimation timer in its launch configuration provides

electrical shorts across all ordnance bridgewires. At about 11

minutes after injection rocket ignition, the sublimation timer

has advanced tc the position where the shorts have been removed,

i - 5 -
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and current is impressed across the redundant explosive cable

cutters on the despin weight release cable. The firing of the

cable cutters allows nearly simultaneous release and deployment

of the despin weights. The solar blades folded in trailing posi-

tion against the injection rocket case are allowed to erect as

the despin cables unwind. The combination of the despin weight

deployment and the greatly changing polar moment of inertia as

the solar blades erect causes the spin rate of the spacecraft,

adapter and injection stage to rapidly decrease from a nominal

180 RPM to less than one RPM. At about 15 minutes after in-

jection stage ignition the sublimation timer advances to the

next set of electrical contacts, which closes duaL explosive

bolt-cutter squib circuits, causing the release of the spacecraft-

to-adapter Marman clamp and allowing a push-off spring to

separate the spacecraft from its adapter at a relative velocity

of about 3 ft/sec. The separation causes activation of a solid-

state 2 second timer in series with the small transverse con-

trol rocket. When this timer times out, the spacecraft has

moved sufficiently away from the adapter so that the control

rocket blast will not adversely affect the spacecraft, either from

contamination or from blast forces. The firing of the control

rocket causes yawing of the injection stage, so that its continu-

ing low level thrust from outgassing of charred insulation, etc.,

will not allow the rocket to collide with the spacecraft after

separation.

The present separation system, although reliable in flight, is

sufficiently complex that it has been referred to in jest as the "second

spacecraft" on the launch vehicle. Its batteries are maintained on more

- 11 -
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or less constant charge status at the launch site right up to launch day.

And its nrdnance items, because of their obvious hazard, are not

connected into their circuits until the last possible access time, after

the spacecraft has been installed for flight and before the vehicle heat

shield is installed. In addition to this, once the sublimation timers

haze been installed in the adapter, the temperature of the assembly

must be carefully controlled so as to prevent premature operation of

the timers, which would necessitate their replacement. Because of

this situation, it has been necessary on some occasions-to delay installa-

tion of the flight sublimation material until the launch vehicle has been

installed in the air-conditioned shelter cn the launch pad. It can be

seen from Fig. 1 that the location of the sublimation timers on the in-

jection rocket headcap inside the spacecraft adapter makes replacement

an extremely difficult, as well as hazardous, operation.

- 12 -
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IM. THE SIMPUIFIRD PASSIVE SEPARATION SYSTEM

A. General Description

The simplified separation system is truly passive. That is to

say, once assembled and tested in the laboratory, it is thereafter

ready for flight; its readiness can be confirmed at any accessible time

by visual inspection. And, once launched, it has the capability of pro-

viding automatically the necessary separation functions in the proper

sequences with no functional interface with either the spacecraft or

the launch vehicle. The following advantages are also claimed:

1. Its components are 60% lighter than their functional

equivalents in the present system.

2. It has no batteries, wiring, or electrical components

3. It has no pyrotechnic devices of any kind. Hazard is

negligible.

4. It is immune to RF, static, or other electrical background

disturbances.

5. It has no ground envircnmental temperature limitations.

It can survive any temperatures normally expected to be

encountered in ground handling and transportation such

as the typical ground environment design limits of from

-60 0 F to +160°F.

6. it has indefinite shelf life even in the launch-ready con-

figuration.

- 13 -
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7. Its operation and design are completely independent of

the launch vehicle configuration. It has no functional

or physical interface with the vehicle.

8. If desired, it can be completely tested at any convenient

number of times or places (including on the launch vehicle)

without hazard to itself or adjacent personnel or equip-

ment.

9. The system design is flexible. Any of the subsystems,

the passive delay actuator, the trigger assembly, the

cable release assembly, and the control rocket, can be

interated separately or collectively into existing space-

craft separation systems or other mechanical systems

as desired.

10. The system is accurate. Timing sequences are typicaily

repeatable within ±2% as compared to ±20% for the pres-

ent sublimation timer system. Althouzgh high accuracy is

not a stringent requiremient in the present application, it

is clear that possible future applications involving longer

times (many hours) and more mec-hanical functions would

require much greater accuracy that is cur-ently available.

Figure 6 illustrates the variouz components that m-ake up the

simplified passive separation system. The simplicity of the system iz

illustrated, in part, by the fact that, although Fig. 6 is labeled a "'block

diagram, " it is also an accurate schematic of the system. The princi-

pal- subsystem is the passive delay ac-tuator/trigger assembly, which

Is actually a pneumatic timer capable of perform.ring work at disc_.-ete

times after being launched into the vacuum of outer space. The sole

input to th-e PDA is the -xposure to the vacuum almost -mmediately

- 14-
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after the launch vehicle lifts off the launch pad, while the output of the

integral trigger unit is the 23 pound snap action of each of the two trig-

gers at specified times after lift-off. The first trigger causes the

simultaneous release of the two despin weight release cables, and the

second trigger causes release of two similar cables which secure special

bolt clamps on the main spacecraft separation clamp.

it is interesting to note that with this arrangement both the de-

spin weight assemblies and the spacecraft separation clamp can accom-

modate the new system without redesign. The despin weights are used

as is, and their release -able is modified to permit release by unlatch-

ing, instead of by explosive cable cutter as in the present system. Only

the retaining bolts on the separation Marman clamp are changed; the

new bolts are designed to be unlatched instead of being cut by explosive

bolt cutters as in the -'resent system.

Finally, the action of the second trigger also fires the control

rocket through an integral 2 second mechanicai delay timer. The timer

prevents the cGntrol rocket from firing before the spacecraft has ade-

quately cleared the adapter during the separation process. The control

rocket is a unique development in that it contains no pyrotechnic ele-

ments. The impulse is derived from the explosive evaporation of an

appropriate fluid when suddenly exposed to the vacuum of outer space,

as will be explained below.

Referring to Figs. 7 and 8, it is noted that all of the passive

separation system components can be located on the outside of the space-

craft adapter for maximum accessibility and ease of visual inspection.

All of the functioning components of the system are securely locked by

the trigger shafts upon assembly, and remain in this condition until

the triggers are armed and fired during the launch cycle. The trigger

- 16 -
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Fig. 7 PASSIVE SEPARATION SYSTEM FLIGHT INSTALLATION (FRONT v;EW
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shafts, in turn, are not physically connected to the passive delay actuator

uFtl the latter unit is autmaticaiiy armed shortly after launching. If

it is desired to accomplish final assembly at the laboratory, prior to

shipping to the launch site, then it will be required that a nonflight

safety pin be installed in the PDA to prevent inadvertent operation dur-

ing air shipment. On the other hand, if it is desired to accomplish

final assembly at the launch site and subsequently demonstrate flight

readiness, this can be readily accomplished any desired number of

times by means of the small attache-case test kit described below.

The weights of the various system components are illustrated

in Fig. 9, where a comparison is made with the equivalent components

in the present system.

B. Detailed Description

1. The Passive Delay Actuator (PDA)--Figure 10 is an early

photo of the PDA. and Fig. 11 illustrates the components used in the

assembly. Operation of the PDA is quite simple, as indicated in the

functional diagram, Fig. 12. Volume #1 is a me tal bellows welded to

the output shaft plate at one end and welded to the outer case end plate

at the other end, so as to provide an absolute seal between the bellows

and the outer case, which defines Volume C2 in .he figure. The inside

of the bellows is vented to ambient however. Volume 13 is included as

a safety device, and is not a mandatory feature of the PDA. Its pur-

pose will be explained later. And, similarly the spring inside the

bellows is not a mandatory feature, since the thickness of the bellows

material can be made sufficient to provide the required spring force.

However, without going to considerable expense, the spring rate of a

standard bellows cannot be controlled to much better than -20% of

- 19 -
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PRESENT SYSTEM PASS- SEP. SYS-
ITEM wt/lb Tt/lb

I. Adapter structure, plus all required
cabling, brackets and steel doublers
for access holes, cable cutter and 2
sec. timer 6.43 3.55*

2. Batteries (2) 0.50 None

3. Bolt cutters or clamps (2) 0.20 0.30

4. Sublimation timers, including
mounting pads (2) 0.94 None

5. Control rocket 0.12 0.10

6. Trunnion bolt (2) 0.05 (Part of 3)

7. Despin cable assembly 0.14 0.10

8. PDl/trigger assembly, including
brackets None 0.56

9. Cable release ass2ably None 0.42

10. Bolt camp cable assembly None 0.06

Total weight of 8.38 5.09
separation system

NOTES:

Itens common to boths systems, such as Narman clamp, despin weights,
release nechanisn and blade tie-down straps not included ( 5.69 lb.).

** Weight of adapter alone. Other items, including access holes and
doublers, not required.

Fig. 9 WEIGHT COMPARISONS - PRESENT AND PROPOSED SYSTEMS,"

- 20-
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theoretical, whereas the spring rate of the inexpensive compression

spring can be controlled to very close tolerances.

When the PDA is on the ground, all three internal volunres are

at the ambient pressure, about erie atmosphere. HRwever, when launch

vehicle lift-off occurs, the ambient pressure rapidly approachec, zero,

as does the pressure in Volume #1, which is vented to ambient. But

prior to this t.vo things happen. First, when the ambient pressure

drops to about 13 psia, the differential pressure across the pop-off cap

is sufficient to provide the force necessary to deploy the cap. The main

purpose of the cap is to act as a dust cover during all ground handling

operations with the PDA. It could very easily be removed manually at

last access to the spacecraft as nonflight hardware. However, as a

redundant safety featture, the cap is designed to pop-off in flight without

noticeably affecting the timing performance of the PDA. Should there

be a leak in the cap that would be large enough to bleed off the air in

Volume #3 without developing the force necessary to deploy the cap,

then the configuration (the size of Volume #3) is such that the timing

accuracy of the PDA is virtually unaffected by the leak in the cap. In

other words, the size of Volume #3 _;s selected so that if thie leak is

small, adequate differential pressure to deploy the cap is reached before

Volume #3 bleeds down. And, if the leak is larger, then the size of the

hole is greater than the effective bleed hole in the Lee Viscojet, which

is --thexr m-etef ingdevice5 in the PD." -

The second thing that happens after lift-off is that at about 7 ptia

ambient pressure (about 20, 000 feet altitude) the differential pressure

across the bellows shaft plate is sufficient, to cause a force in excess

of the combined spring forces of the bellows and spring, at which time

the bellows shaft moves rapidly to the right against a stop. The PDA

-24 -
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is now armed, and will always seek to return to its prelaunch position

no matter wha t happens, including a catastrophic leak anywhere. The

maximum force available for arming is about S'0 pount z, whereas the

maximum spring return force is about 10 pounds.

Naturally, when the pop-off cap is deployed, the pressure in

Volume f3 goes immediately to the ambient, and tne pressure drop is

essentially one atmosphere. It is not exactly one atmosphere, since

the pressure drops slightly when the bellows shaft plate moves to the

right. The Lee Viscojet is designed to bleed the air from Volume #2

at a precise rate under these conditions. When the pressure in Volume

#2 drops below that which will produce a force balancing the total spring

(and friction) forces on the bellows shaft and shaft plate, the shaft be-

gins to move very slowly and very smoothly. The system volumes,

areas, spring rates, and bleed rates have beer carefully selected so

as to hold the shaft on the stop until about 4 minutes after the launch

vehicle has ceased thrusting and the spacecraft is in orbit. This means

that the only moving part in the PDA (the shaft plate and its integral

output shaft) is locked up tightly against its stop with an average of

about 6 Dourds force during almost the entire launch flight when the

physical environment is at its extreme levels_. IThen,- in tzhe absolute

calm of orbital environxenr, it times oat with prec-leion.

it is clear that this demonstrated piecision requires an accu-

rate metering system, and one that is insensitive to normal handling

contamination, normal humidity changes, and normal assembly and

testing procedures. Early tests, with sintered sta-nless steel, com-

pressed metal screens, and po-rous; zeramic, while demonstrating

the basic feasibility of the PDA, also demonstrated the futility of the

porous material approach to precise air metering. It was soon found

- 25 -
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that a misplaced finger print, a cloudy day, or other similar situations.

including just plain testing, would cause timing changes of 20% or more.

This was not sarprising since the bleed hole sizes were measured in

microms. At this point it was sxiggested that a Lee Viscojet might work,

and this proved to be the solution to the metering problem. The basic

functioning of the Viscojet is shown in Figs. 13 and 14. In this device

fluid (in this case air) motion through the Viscojet is ihe result of the

differential pressure across the Viscojet. Kinetic energy is removed

from this fluid by the repeated acceleration and deceleration over and

over again as the fluid passes from one spin cimmber to the next in the

Viscojet. As the energy is removed, the flow is slowed down to the ex-

tent that the actual flow through the Viscojet exhaust hole is as though

the hole were many, many times smaller than it is.

The PDA uses a Viscojet having approximately 400 spin

chambers and a minimum passage diameter of 0.005 inch. It is pro-

tected upstream and downstream by filters having more than 100 holes

of about 0.004 inch diameter, so the filter open area is hundreds of

times greater than the effective hole in the Viscojet, which is about

0.0005 inch. The total size of the Viscojet used in the present PDA

is about 9116 inch diameter by less than 1/2 inch long. It meters

about 6 cubic inches of air at an average differential pressure of

about 5 psi in 24 minutes.

Other Viscujet configurations being designed for future applica-

tions will be capable of metering 1 cubic inch of air in 50 hours, and

still have a minimum passage diameter of 0.005 inch.

Whenever the PDA is returned to one atmosphere ambient pres-

sure, such as after a test or after a demonstration, it returns auto-

matically to the prelaunch condition. It can be tested any desirable

- 26 -
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Fig. 13 LEE VISCeJET GENERAL ARRANGEMENT
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DECELERATION PI
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A- ABOVE ARE THREE -ROSS SECCIDteS OF A PGRTIOI4 OF A VISCO DISC. THEY SHOW "$W THE
FLOWS REAFEATED'..Y PA.SSE-S TX20*0 THE SAME rtsc. THE FLOW 6'A'H, ~SE ON ONE SIDE
SME AT Th CI -ENTER OZ TZHE 7I3c-

S. TME EX;T SLOT FROM EACH DEC--LtcRATIJý34 CHAMBER t-3 IN 46 C1ECTIL44 WHICHI 11 OPPOSITE
TO THE 0MIR"TION OF SMR. THIS FO~RCES THE LIQUID -O- COME TO RES-1 SEYGE If. MAKES
ITS EXIT FROM ME~ DKCELIRATtON cH1AMBER-.

C.. CN '-HE 5MASA.ER &?ZES EACH VISCO OISC IS FABRICATED Fir"%FX THE THREE PHOTO ETCHED
PLATZS.. Od0 THE LA!RGRN SIUZS THIS DISC !50OF CNE PIECE CONSTRUCTION.

D. TIl- viscO DISC ep CO)VER.ED CO~TH TOP APD BO1TTD WITH A FLAT LAPPED DISC- (NOT SHOWN)

E. THE 11SCO DISCS A"-IE~ OE~ R RIG!DLT AND PERMRANENTLY CLAAMPED IN THE
CAi RIADGE..

fig. 14 LEE V'SCOJET PRhOCkPLES OF OPERATION
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number of times without degradation. The bellows are designYed for

100, 000 cycles without failure. Ordinarily,1r in the labo:ra--ry the tests

are conducted merely by subjecting the PDA (and ii ; integral trigger

assembly) to a vacuum and recording the times of the (trigger) events.

However, there are times when this is not practical. An example of

this is illustrated in Fig. 15, where the PDA is shown undergoing a

functional test in a vacuum envi-r:nment while at the same time being

subjected to prototype vibration levels. In this case a small vacuum

pump was us-ed in conjunction with the pressura.--tight shake ffixture to

provide a unique and very usefull test mediumn

There are, of course, otheýr situationzs where it would be neces-

sary to operate tiic PDA, but under conditions -where 'the i-acuum. environ-

ment is not practical, such ass during a vibration test of the entire space-

craft, or, possibly, for functionall tests oat the "PDA on the launxch vehicle

oL- the launch pad. Equipment designed to ---rmit this type off testin~g

is shown in Fig. IC-- Th*-is equipmient. which o-ccuries a space no larger

than an attacher cse is cacpaiele of runnine about 1000 test"s of the PDA

wdit-hout recharging. It uses a miniature high-praessim're nitrogen botttl.

with appropriate pressure regulators to charge Volum-e _52 of the -PDA

to a pre:5sure higher than "the 1 atmc-sphere amnbient pres~sure. "When

this equipme-it is removed, the PDA bLAeeds from the hig'her pressure

down to the ambient in the same mnanner that' it i*3edis from I atziorshere

down to zero ambien~t pressure in illight, but faster. T~his ec~di~me:A has

also been used many times for lecture demnoas-trattions of the PEA t'liming

accuracy.

2. The Trigger Assewmbly--4t was rexplained above that the

PDA output shaft extends during the armirng -cycle, annd qlowly restracts

again duringr its timing cycle with a potential f-orce of --nsid'erabL-

magnitude. Initially it was considered ttbat this fbrce would be adeTuate
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Fig- 15 PASSIVE DELAY ACIT hTOR-VACUU.MSHAKE TEST SET-UP
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Fig. 16 PASSIVE DELAY ACTUATOR-PDA-SUITCASE TEST UNITj
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to perform the necessary work cycles of the separation system, such

as pulling lanyards in sequence, etc. However, it was decided early

that there would be two important advantages in divorcing the force

output cycles from the timing cycle of the PDA. First, by its very

nature, the timing accuracy of the PDA depends to an extent on having

a known and reasonably steady load on its output shaft during the

timing cycle. In other words, a heavy load, such as might be caused

by a tight lanyard installation, might cause the timer to run slower

than if there were a light steady load. However, it has been demon-

strated that the PDA is largely self compensating with respect to

variable loads (as compa."-ed to steady loads). Second, and perhaps

more importantly, it was decided to divorce the work output from the

tiing cycle so as to not only increase the magnitude of the work output,

but also topermit.map action, which is sometimes desirable for lan-

yard pulling type functions. This explains the purpose of the trigger

assembly that is shown as an integral part of the PDA in Fig. 17. The

trigger assembly is functionally disconnected from the PDA on the

ground. However during the in-flight arming cycle, the PDA output

shaft is automatically connected to the trigger assembly by means of a

device very similar to a hose quick-disconnect fitting. Thereafter,

the trigger pawling shaft moves with the PDA shaft during the timing

cycle, and releases the two (pre-cocked) triggers at precise, pre-

calibrated, and adjustable time intervals. The two output shafts of the

trigger assembly are, in fact, the two lanyards that release the despin

and separation cables by means of the cable release assembly described

in the next section.

j 3. The Cable Release Assembly--The spring-loaded despin

weight release units are locked securely until the desired action time

-32 -
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by tying them together with a common cable. In the present separation

system this cable is cut at the proper time by (redundant) explosive

bolt cutters. In the simplified system, however, separate cables from

each despin weight release unit are locked together at the cable release

assembly, which is located directly above the trigger assembly (Figs.

18 and 10,. The snap action of the despin trigger shaft causes the

immediate simultaneous release of both despin cables. And similarly,

the other trigger snap action causes the simultaneous release of the

bolt clamp release cables.

The spring force on each cable is about 15 pounds, whereas the

force on the trigger shaft required to release a pair of cables is 1 or 2

pounds. However, as stated previously, the force available from each

trigger to do this work is about 23 pounds, so there is adequate safety

margin. Further, the trigger that releases the bolt clamp cables is

attached to the control rocket assembly for initiating the rocket firing

sequence.

4. The Separation Clamp Release Bolts--The spacecraft is

attached to the flight adapter by means of a split Marman clamp that is

normally held in place by bolting the two halves together, thus clamp-

ing two identical flanges oai the spacecraft and adapter. In the current

separation system these bolts are severed at the proper time by ex-

plosive bolt cutters, which release the Marman clamp and allow a com-

pression spring between the spacecraft and the adapter to separate the

two. Since an objective of the simplified separation system was to

eliminate all ordnance items, it was necessary to design a structurally

equivalent bolt that would not only be capable of mechanical release,

but would fit the space curreutly occupied by the explosive bolt cutters.

After many design approaches were examined, it was decided that the

-34-
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Fig. 18 PDAfTRIGGER/FLIGHT INSTALLATION

-35-



Af - - -- f

.'.-r

Z:

Fig. 19 PDA FLIGHT INSTALLATION SHOWING CABLE RELEASE ASSEMBLY
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one shown in Fig. 20 would best suit these conditions. This arrangement

... "ty- a miiatu... 4 hianged splii Marman clamp. When the two hinged

halves a ........ -, grip .IatiLzi-rg fanged ends of the two

bolt halves. The hi-Pged clamp halves are then locked together by a

spring-loaded cap. The cone angle of the bolt flanges and the mating

surfaces of the clamp halves were carefull, selected so that when 12-c

bolt halves are loaded in tension the hinged clamp halves always tend to

overcome the contact friction and open. On the other hand, it was

necessary to limit the surface cone angle so that the opareing force on

the hinged clamps would not be so great as to jam the spring loaded re-

lease cap. The prototype bolt clamp assembly is shcwn in the flight

configuration in Fig. 21; Fig. 22 shows it released after loading the

bolts to appryoximately 10M0 pound tension

Operation of the bolt clamps is quite simple. Cables from each

of the spring-loaded release cap assemblies are ter-minated at the cable

release fixture as noted previously. Thereafter, when the "separate "

trigger snaps, the cables are released, the bolt clamp caps deploy,

and the clamps release. The action is virtually simultaneous and

virtually instantaneous on both bolts.

By using a spring to release the clamp cap the system act.iva-

tion force is completely disassociated from the tension on the bolt

halves. In other words, with the 15 pound spring used in the proto-

type bolt clamp, the activation force on the trigger shaft is essentially

the same, whether the bolt tension is 700 (approximate flight spec) or

1000 pounds.

This configuration allows any desired number of tests to be

conducted without degradation of the unit. The prototype bolt clamp

- 37 -
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Fig. 21 BOLT CLAMP FLIGHT INSTALLATION
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has been operated dozens of times- in the rlight afiuato ~t 2A hg

than maximum permissible Plight tension loads withnnt dgaaino

performance.

5. -The Control Rocket- -Consideration w-as given to mri3.y

approaches to the problem of providing the necessary control rocket im-

pulse without resorting to the use of pyrotechnics. Several of these

were abandoned with the arbitrary decision thatl the "rocket" could not

be permitted to discharge solid matter, such as slugs, spring3, or

pressurized cans. It wras easy to demonstrate by calculation that a

scic object launched transverse to the injection stage just after separa-

tion would not collide with the spacecraft in a normal separatioin sz-

aiuence. Unfortunately, however, it was equally easy to demonstrate

by calculation that the slug had a finite probability of colliding with the

spacecraft in the case of an abnoxrmal (tumbling') separation sequence.

So, the competition narrowed itself &wnA to two acceptable ap-

proaches, both. omfiwhich have been tested extensively in the L-aboratory.

But first it was decided to perform a complet~e re-evaluiation of the dy-

namic analysis of the spacecr.: ft /adapter separatio.n sequence, since

it was known that some of 'the significant inputs to the last- analysisc,

conducted several years previously, had changed considerably. T'-Z

purpose of this analysis ('see Appendix 1) was to show that the required

control rocket impulse was much less than that provided by the 'zur-

rently used L.5 lb-sec rocket and ti-at this is largely because the meas-

uired spin -rate of several recent APL spaceecrafts; at. injection w-as less

than 2 RPM. whereas the previous analy-sis hiad used 30 RPM as an in-

put. The new analysis did indicate that the required im-puise to yaw

the injection stage after spaCe-cr-a-ft separation w-as less -- by a factor

of 4--so the de~sign objective for the new control rocket was

- 41-
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conservatively established at 0. 5 lb- sec. Actually this was only one

half of the previous estimate of 1. 0. The current rocket, havingr 1. 5

lb-sec: impulse, had the nearest available performance to the require-

ment.
The reason for the above "engineering fowr t  a h

(erroneous) preconciJ'usion that an expýlosiveless control rocket that

could produce 1. 5 lb- sec of impualse would not be practical in terms of

weight and volume. It has since bo-en determined that the evaporating

liquid rocket described below not16 only meets these requirements, but

poss-esses the following additional advanzages:

1. Hazard is virtually negligible. It contains no nYlroteeh-

ides and does not burn-

2. It does not require electricall energry to opcrate, which

eliminates: the need for the added weight and eciplexity

o][batteries, wires, connectors. etc.
3. It is imrxmne to prefirLng fro-oi Vo tc lcrct

sources.

4. It can be lired manny times in its flight conftgura~lon

wit-hout hazard to itself or adjaceiit e'azipment. It can
even bE fed safeiy in the 'Sabot-atory - tterna Lau~

chambere or o-n a satellite or laars_-I vehicle o-5 the 12aunch

pad.

5. Its exhaust exeducts are nonerosi`., ieunc:?.rosive, and

non~cota mi-nating.

6. It delivers about the samne impulse~ ptert poun.d ol rcbrket =Z

does its solid -propeLlarnt counterpea.r. but is probablY an

order of magn.itid-e bet-ter whe~n thae necessary sc~rocket

periph:eral equ-ipmlent is inclur'ted (lýatteries, wires, Con-

nectors. squibs, etc.).
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7. It is inexpensive. Using mass production teehraiqutes it

could be manufactured for less than its solid propelant

counterpart.

8. It should have a high inherent reliability. "It rezdiness

for firing can be veriflied by~ visual inspection

9. Its delivered impulse can be charged at any accz:;,ible

time before launChuing (such as on thC- launch vellicle on

thie launch pad) merely by changing the amount of "~fuel.

10. It can be designed for refiking 4i orbit,- if required, but

itE main virtues are associated witth one- shot applica-

tions.

D1. Properly designed, it shzuld be capable of inziefl-nite

shelf Wie without degradat-ioo.

i2. Properly designed, itshould be capable of satisfactor

oepration over a very broad temperature range, such as

-:10OO*. How-ever, future tests will be required to estab-

lish tMe degree of perform ~ance variation with temnperature.

Therne ar-e onl-v three basic features of the ev-aporating liquid

"rocket. These are, a transparent psressure ve~ssell- a quantity of high

-vapor pressure "fuel, " and a releasable nozzle clos-ure 'seal.

The liquid sielection is batmed or. the betcompromise of high

vapor pressure. iow heat of vazporizalizm. low freezing point, ease of

handlirg, compatibility with tltie pressure -Fessel, minimum to-dicity, and,,

to a les~ser extent, low mclecu~ar weight... Nearly any liqaid wifl plroduce

some im-pullse. wvhen used. in this manner !_u th-e ones whisch besi meet

these requiremni~ts are the Freons, severaj oft which have been t~ested

w~ith satisfactory results-. TPypi-cai of these is Freon- 1 15, w- hich has a

70ýF vapo- 1pressure of i 17 psia and a freezing, t'emperature of -I ig*F.
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Another is Freon-114, which has a 70°F vapor pressure of 28 psia and

a freezing temperature of -137°F.

A notable feature of the rocket is that it is transparent. This is

to allow visual confirmation at any accessible Iime.that noleak has oc-

curred since the time the rocket was loaded with fuel, whether this was

2 hours or 2 months previous. A typical rocket is shown in Figs. 23

and 24, where the container material usea is Lexan. The rocket is

"fired" by simply removing the nozzle closure seal, and this is accom-

plished in the case in question by the "separate" trigger motion. How-

ever, a nominal 2 second delay is required between the time the space-

craft separates and the time the control rocket fires, so it was neces-

sary to provide an integral mechanical timer -in the rocket closure for

this purpose (not shown). Timer action is initiated by a lanyard

attached to the "separate" trigger.

The Freon rocket develops its rated impulse when fired, as

intended, in outer space. However, it can also be fired at any other

desired tim-e into 1 atmosphere ambient pressure for special systems

tests, etc., but at a much reduced impulse. It is designed to be

capable oi many firings (tests) without degradation of performance.
I

The accurate determination of impulse delivered by the several

rocket configurations tested was made possible by the unique test rig

shown in Figs- 25 and 26. The invention of Lhis Lest rig was necessi-

tared -yv the conmplete futility in tryding to simultaneously measure

th1brust (about 10 pounds) and thrust duration (about 1/10 see) by remote

control in a vacu-uw. chamber during the initial runs. Referring to

Fig. 25, -•th rig cof-sists merely of a spinning arm to which the

Arock-et is arLached, a meo-s of remotely firing the rocket after pump-

i-g the -vacuum chamber down: ar.d a frictionless means of r-motely

-44-
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Fig. 23 PROTOTYPE TEST R 0_CKET HAVING iLB-SEC LMPULSE
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Fig. 25 CONTROL ROCKET TEST SET-UP (SPINNING EQUIPMENT)
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Fig. 26 CONTROL ROCKET TEST SET-UP (FIXED EQUIPMENT)
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measuring the rotation rate of the arm. Firing the rocket at will was

accomplished by securing the nozzle closure with string until ready for

firing, and then cutting the string by remote-activated Nichrome hot-

wire. Recording RPM was made equally simple by attaching to the spin-

ning arm a disc having a hole pattern of 10 holes at one spin radius and

one hole at a different spin radius. Now, by placing a light above the

holes and two selar cells below the holes, and by connecting the cells

and power source to a pen recorder, the RPM can be simultaneously

recorded in 1/10 revolution and I revolution intervals.

Fueling the Freon rocket is reasonably simple, depending upon

the actual fuel being used. It will be of interest to describe a typical

example. In this example the fuel is Freon-114, which comes from the

manufacturer in a pressure vessel that has a valve on top. At room

temperature the pressure in this container is 28 psia, about 13 psig.

But when the container and its contents are cooled to at least +39°F,

the pressure drops to 14. 7 psia, which is, of course, 0 psig. Now the

valve can be opened, and the Freon-114 can be poured like any other

clear, odorless liquid into the precooled rocket case. If precooling

j the pressure vessel and/or rocket case is not practical, the pressure

vessel can be opened at 700F, and a quantity of the Freon-114 poured

,! while boiling into a beaker. When the boiling stops, the liquid has auto-

matically reached +390F, and can be poured into the rocket case. How-

I ever, this procedure will cause moisture from the atmosphere to be

absorbed into the Freon. If the rocket is also at 70°F, the boiling will

j resume until the case is automatically chilled.

In either of the above loading procedures, the nozzle closure

$'4 is inserted and sealed when the proper quantity of fuel has been loaded.

Thereafter, as the unit is allowed to reach ambient temperature (70°F),

t
1 -49 -
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Should a leak develop in the rocket for any reason, it would be imme-

diately apparent by the boiling fuel or, subsequently, low fuel level.

15

IQ



TMe 34Mv~ Iopkim Univetsa?1
"APPLIES PHVS)CS, LARATTRYSw Spfi. Mayle n-

1-

WV. EXTENDED APPLICATIONS OF PASSIVE SEPARATION I"
SYSTEM COMPONENTS

There are various combinations of the foregoing components

that can be used either in passive separation systems or in many

other types of flight applications. The PDA can be used as a simple

timer in an existing separation system, or it could be used as a

timer to initiate antenna erection, boom deployment, high voltage -'

equipment turn-ON, cover removal, etc. Similarly, the bolt clamps

could be used effectively in a variety of mechanical operations where

the use of explosives is undesirable. Further, there are many opera-

tions that require small one-shot remote rockets, but for many rea-

sons cannot tolerate the heat, contamination, or power requirements

of conventional types.

This document describes a series of components that have been

developed for a specific applicaticn. However, all of them are scal-

able, although the degree of scalability has not been established for

each unit nor has this been -within the scope of this development pro-

gram. Of particular interest in this regard, however, is one parallel

study to determine the extent to which the timing cycle of a device

similar to the PDA could be feasibly extended. Some isolated evalua-

tion tests were conducted, and a number of configurations were

established. These indicate that a potential increase in timing cycle

of about three orders of magnitude is feasible and that it would not be

unreasonable to attempt to build a reliable lightweight timer based upon

these principles but which would have a timing cycle of one year or

more with an accuracy of about ±1%.

-51 -
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APPENDIX 1

Expended X-258 and FW-4 Tipover Requirements
under Low Residual Spin Conditions

The purpose of this Appendix is to show that a lower angular im-

pulse than that presently employed is adequate to ensure safe payload

separation from either the expenrled X-258 or FW-4 with low residual

spin. It is shown that an angular impulse of 0.50 ft-lb-sec provides

adequate clearance subsequent to se.aration either from an X-258 or

FXV-4 possessing 4 RPM residual spin when the tipover device is

operated 2 seconds after separation.

In Ref. 1 it was show.mn that an angular impulse of 4. 5 ft-lb-sec

was satisfactory for a final stage (Scout or Delta) tipoff system, and it

was proved analytically that -ollision between the 5A and an X-248 could

not be caused by residual ro'*ket thrust subsequent to burnout. Key

parameters applicable to the earlier case -vere:

1. 30 RPM residual spin (The condition of zero spin was ex-

amined in Ref. 1, but the 4.5 ft-lb-sec angular impulse re-

quirements were based on 301 RPM residual spin.)

2. 0 - 1.3 pouiids residual thrust to 1600 seconds subsequent

to burnout

3. Time delay for initiation of racket tipover device 1 second

(A variety of time delays were explored.)

4. X-248 mass properties

5. A requirement to displace the angular momentum vector of

the rr-=ket case 450 with tipoff

- 53 -
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Some of the parameters applicable to the tipover problem have i
changed since the very complete treatment of the 5A/X-248 situation

given in Ref. 1. The parameters listed below are currently applicable. I

1. 0 - 4 RPM residual spin (0 - 0.42 radians per second; I
data from actual APL shots indicate that spin is always re-

duced to less than 2 RPM.)

2. 0 - 1. 0 pound residual thrust

3. 2-second ti.ne delay v

4. 3-ft/see separation velocity I
5. A requirement to displace the' angular momentum vector

of the expanded case 450 (An angular displacement of 710

is also examined.)

6. The following expended rocket parameters were obtained I
from Refs. 2 and 3: [

_ X-258 FW-4 "D" SECTION

Weight (pounds) 67 52. 5 17.5

C.G. (inches aft of payload i 26.6 27.71

mounting shoulder)

Residual thrust (pounds) -1 -1

Time of Residual Thrust No data past 120 seconds
ST e s (1 pound at that time)

I (slug-ft2 ) 0.58 0.6 0.4 1
roll

S(slug-ft2  4.2 3.8
pitch_
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Calculated adapter contributions to the X-258 and FW-4 roll and

pitch moments are:

X-258:
Ipitch = 2. 05 slug-ft2

1 ro = 0. 2 slug-ft2Iroll

FW-4:2I = 2. 06 slug-ft2

1roll = 0. 2 slug-ft2

An analysis of data contained in Ref. 4 indicates that the Sdout:

upper 'ID" section center of mass is approximately 8 inches aft of the

fourth stage motor attachment ring. The calculated upper "D" pitch
2

moment of inertia is 0. 3 slug-ft _ The upper "D" pitch moment contri-

bution to either the expended X-258 or FW-4 is then approximately 1.5

slug-ft2.

So that the following apply to the expended cases with payload

adapter and Scout upper "D" section attached:

X-258:2
I = 7. 75 slug-ft2
pitch

Iroll = 1.18 slug-ft2

FW-4: itch = 7.36 slug-ft2

Iol = 1.2 slug-ft2
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motion over the earth from tangential injection), the expended case isI

pushed downward and backward with a velocity increment of slightly less

than 2 ft/sec relative to the position of the combined C. G. while the pay-

load moves forward and upward with an increment of slightly greater

than I ft/sec. - This presumes that the low residual spin is adequate to A

maintain orientation between despin solar blade erection (fourth stage 1
burnout minus 10 mins) and separation (burnout minus 15 mLns).

To displace the rocket's angular momentum vector (H) an im-

pulsive turning moment (M), assumed instaintaneous, is applied perpen-

dicularily to the rocket spin axis. The angular momentum ",ector will 7

be displaced in a direction perpendicular to that of the impulsive force

and in the direction of spin. If it is plan.ned to displace the original

angular momentum vector by an amount

e -1w _M (1)
e.=tan -I )

H

Initial motion will be perpendicular to both the H1 and F(t) vectors

shown on Fig. A-1. The motor case will begin to describe the J
z

HI -F(t)i

H2

J..wý- PERIMETER OF
PRECESSION COME

x YIi

Fig. Al INITIAL MOTION
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Using Eq. 1 and setting e = 450 (which was an original program

requirement):

M = H = I
z

MX-258 = (U3) (0.42) = 0. 496 ft-lb-sec

M VW4  = (1.2) (0.42) = 0. 505 ft-lb-sec

since M = F x I mirimum total impulse requirements are

F 0.496 = 0.142 lb-sec
X-258 = 3.5

F 0. 505
FW-4 3.5 = 0. 144 lb-sec

F = total impulse

I = longitudinal distance from the tipover device line

of action to the expended rocket C. G. (approxi-

mately 3.5 feet).

The spin axis cf a nearly despun X-258 or FW-4 will be tilted in

a direction perpendicular to the instantaneous impulsive force that

caused the tilt. The resultant body motion will be precessicn about an

axis which is the displaced angular momentum vector discussed previously

and shown as vector H on Fig. A-i. The apex angle of the precession

cone will be 20. The reason for tilting the expended rocket is to ensure

that residual thrusting after burnout does not cause the case to be ac-

celerated back into the payload. After tipover the net result of residual

thrusting will be to produce an integrated motion of the expended case in

the direction of the displaced angular momentum vector (Ki).
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The impulsive tipover device will also pr.d,;ce a lt,_ral velocity

component because this is not a pure couple. Transverse components

are defined (Ref. 1):

t.

VX : (t) sincw tdtx M M z
0

t.

V f -J' F(t) coswtdt
y 0 M z0

where t = duration of pulse

Integrating and determining total transverse component by means

of the expression V = V 2+ V 2results in:
t x y

T 2

At least 90 percent thrust is developed in the fir stsecond with

the praciical passive tipover devices tested thus far so that a minimum

lateral vek -ity component would be:

(V)2 2t 0.14 '2 s . 4ec
t 277x0.42i 1- )J ()2

Vt2 = 0. 145 ft/sec (2)

I
I
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Residual thrusting will accelerate the expended rocket toward

the payload subsequent to separation. If the rocket and payload centers

of mass are initially separated by an amount S 0 an expression which

specifies the distance between centers up to operation of the tipover de-

vice is:
S = so + (avlt - r- 1t(3

2 (3)

By usLng this equation with the followin initial conditions ;t is

possible to show that collision could occur at a relative velocity of 3

ft/sec 16.5 seconds after separation without tipover.

AV (separation velocity) = 3 ft/sec

T (residual thrust) = 1 Dound
r

M:

Adapter = 0.22 slug

Case = 2.0 slug

Upper D = 0.55 slug
Total Mass (M) " 2. 77 slug

Subsequent to separation there is a short time delay (-. 2 seconds)

before th-e timover device is operated. This allows the directional

antenna to unfold and clear. When the tipover device operates, the ex-

pended rocket spin axis ;.s cocked causing residual thrusting to impart

a transverse acceleration to the expended rocket.

Two cartesian coordinate systems are shown on Fig. A-2. The

x axis is parallel to the original separation velocity vector. The x v z

system is rotated so that the T axis aiigns with the displaced angular

momentum vector. The tipover i mrpulse vector was therefore parallel
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to the y(y) axis. The expended rocket now processes about the z axis

with the sir!ie harmniz motion shown projected to the x - y plane on

Fig. A-2 (Ref- 4):

P= Tr-SIN a

Px

Fit)

z
z

Fig. A2 ROCKET PRECESSION

D is the acceleration component normal to the z axis.

Acceleration components in the x y z system subsequent to tip-

over are:

x -Cos (-=,rp--itch Wzt
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Components in the x y z system are transformed to the x y z system

ycos C sinsi

jO 1 0-- t

I-sine 0 cos. J

So that acceleration components in the x y z system caused by

residual thrusting after tipover may be written:

X- = -Cos rol~I cos 0+ -. Lr cos 9sin 0

Y = P sin rollA¶pitch 'zt)

""pcos I(roll sin 0 + -T cos2

Expressing radial acceleration by the relationship Y,2 + :.o2

R 2 P 2 Cos 2  (Cos. roll w 2 + sn211rolOIc zt p

-61-
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After using the half angle relationships, the binomial expansion,

and neglecting high order terms, radial acceleraticn may be approxi-

mated by: I

T roll (4
R= 4 " sir 0 sin (4)M I pitch w7-tI

The z axis acceleration components is written: I

L 'Cos9+ Cos '~ro~ll (5)z = • c s '{} + • pitch t) sin2 5

This longitudinal (along z axis) and transverse (radial) displace-

ment of the expended rocket caused by thrusting after tipover is obtained j
by integrating Eqs. 4 and 5 twice with respect to time. Velocity com-

ponents caused by thrusting in the first procession cycle after tipover

are:

"T ______I [roll tit-Z 3 si B ( rol z e)

*~i_ 2 ict2_

i-pitch

and, displacements are:

T 2 1 1 1I
r - 2Ipin itch p•sitch - roll z e1 ()

M I 1)L 1e-sin 6 iro Z (It - sin r 2- 1pitch [t-t (6)

-

i
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T 1 2 2, " F_. 12 r
Z r _______ Co V itl 29 sn I cos('roll W

_ , L'roll', L \pichJ

(7)

Equations 2, 3, 6, and 7 are now combined to produce the

following two expressions for longitudinal and transverse displacement

as a function of time from separation to completion of the first pre-

cession cycle after tipover.

T 2
R + -E -sin 0 It-t1

(1 t - --- J zt e-- [t t e8)
21 z sin (\ W 

(8)

z= SO& CV)t - ~LMe 21 it tL e

(9)

where

rr
z S eAVent tim (tpor

Tr resiul 2Cost ( 1 pound)90

M = rocke+ mass (2. 77 slugs)

t e= initial separation velocity (3 ftsec)

S = distance between rocket and payload C. G. Is prior

to separation
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S 5 feet separation distance between rocket and payload

0

mass centers before separation

Vt = transverse velocity increment caused by tipover rocket

thrust

Ip = expanded rocket pitch moment of inertia (7. 5 slug-ft )

2I R= expended rocket roll moment of inertia (1. 2 slug-ft.)IR

8 = angular displacement to rocket spin angular momentum

vector

Wz = residual spin rate (0. 42 rad/sec)

Equations 8 and 9 define the separation distance between the

rocket and payload center of mass subsequent to separation.

Radial separatior as a function of time is plotted on Fig. A-3

for the following cases:
,

1. 0. 5 ft-lb-sec angular impulse using: t e 2 seconds,
2 e1pitch -- 7.5 slug-ft , Iroll - 1.2 slug-ft2 .

2. 1. 75 ft-lb-sec angular impulse with other parameters of

1 above.

The Z intercept time of Fig. A-3 denotes the point where z = 0.

It is desirable to tilt the rocket as soon as possible after separation so

as to increase lateral separation quickly. A 2-second time delay has

been used here to allow the directional antenna to clear. Eight feet is

the minimum acceptable separation as time increases (Ref. 1). The

precession period is 93. 5 seconds. Clearance at the completion of the

first half cycle in precession is greater than 300 feet for both cases

1 and 2 above.
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30

/ .
25 _ _ _ I_ __

CASE 2 Z INTERCEPT

S~CASE 2 CURVE

III

0 15

eCAS 1 CURVE

?,, I

10
CASE 1 Z INTERCEPT

TIPOVER DEVICE

LOPERXAION I

SEPARATION DISTANCES "°
PLOTTED ARE DEFINED:

S-- = JRM Z2oi I
0 4 8 12 16 -20 24

TIME FROM SEPARATION, SECONDS

Fig. A3 SEPARATION BETWEEN PAYLOAD AND ROCKET CENTERS OF MASS
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SUMMARY

This appendix shows that a total impulse of either 0. 14 or 0. 5 lb-

sec directed radially into the spin axis of either the X-258 or FNW-4 for

a moment arm of 3.5 feet from the expended rocket C. G. is adequate to

insure that no subsequent collision of the case with the separated pay-

load can occur due to residual rocket thrusting in the event spin orienta-

tion is retained for the five minute period subsequent to despin/blade

erect and that the separation impulse is then symmetric with respect to

both the payload and rocket mass distribution. Such preservation of

orientation seems unlikely since the final stage is always nearly com-

pletely despun.

The purpose here has been to show that a substantial reduction

in angular impulse from that presently employed appears feasible. As

is shown on Fig. A-3, a minimum impulse (0. 14 pound-second) produces

a 12 foot close approach (CM) clearance with a residual spin of 4 rpm.

A higher tipover impulse improves matters as would a lesser residual

spin rate.
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